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STRUCTURING  CAUSED  BY  RAYLEIGH -TAYLOR  INSTABILITY 

In  addressing  the  question  of  the  wavelengths  of  structures  that  LWIR 

sensors  might  encounter  in  an  atmosphere  disturbed  by  a  high  altitude 
nuclear  event  we  have  made  use  of  some  calculations  and  models  developed 
for  DN A  to  address  the  early  time  jetting  of  plasma  across  magnetic  field 
lines  and  field  aligned  acceleration  of  plasma.  These  calculations  and 
models  make  use  of  the  detailed  work  on  the  collisionless  coupling  between 
expanding  debris  and  ambient  air.  It  is  our  opinion  that  structure  created 
at  early  times,  i.e.,  <  10  sec  will  greatly  affect  systems  for  hundreds  of 
seconds  after  the  burst.  In  addition  to  effects  on  the  system  produced  by 
stimulated  plasma  emission  from  high  electron  densities,  we  feel  that 
radiation  from  or  scatter  by  metallic  ions  or  their  oxides  resulting  from 
chemistry  during  the  mixing  of  high  densities  of  metallic  ions  and  oxygen 
could  present  a  major  problem  to  LWIR  systems.  This  latter  effect  could  be 
particularly  important  in  regions  either  horizontal  to  or  above  the  burst 
point  where  electron  densities  are  not  expected  to  be  extremely  large. 

The  calculation  of  the  minimum  and  maximum  wavelengths  for  the 

structure  is  based  on  studies  of  the  Rayleigh -Taylor  instability.  The 

Rayleigh-Taylor  instability  has  been  discussed  for  many  years  as  a 

candidate  for  causing  early  time  structure  particularly  in  situations  where 

the  plasma  is  collisional,  such  as  low  altitude  bursts  or  perhaps  the 

bottom  side  of  a  standard  Spartan.  One  of  the  earliest  references  is 

probably  Zinn  et  al.,  1965.  The  Rayleigh-Taylor  instability  that  will  be 

discussed  here  is  driven  by  terms  that  result  from  small  scale  kinetic 

instabilities  which  provide  the  interaction  between  rapidly  expanding 

debris  and  air  in  a  collisionless  plasma  (llampe  et  al.,  1975,  and  Clark  and 

Papadopoulos,  1976).  It  is  found  that  this  interchange  instability  is 

operative  during  a  high  altitude  nuclear  detonation  (Brecht  and 
Manuscript  submitted  January  28, 1982. 
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Papadopoulos ,  1979).  Comparison  between  Starfish  data  and  the  predictions 
of  phenomena  resulting  from  this  instability  appear  to  agree  and  explain 
the  existence  of  very  high  altitude  debris  in  times  less  than  30  sec 
(Brecht  et  al.,  1981). 

A  very  brief  summary  of  the  expected  dynamics  of  the  plasma  is  as 
follows.  As  the  ionized  debris  expands  outward  from  the  burst  point  it 
interacts  with  the  ambient  air.  At  lower  altitudes  (<  150  km)  this 
interaction  is  collisional.  For  high  altitude  bursts  and  especially  for 

the  portion  of  the  burst  going  upward,  classical  collisions  are  rare.  In 

this  latter  case  plasma  instabilities  are  excited  which  couple  the 

expanding  debris  and  the  air  to  form  a  shock.  The  very  thin  region  which 
interfaces  the  bulk  of  the  expanding  debris  and  the  cold  air  is  called  the 
coupling  shell.  Within  this  region  resides  the  metallic  debris-  and  the  air 
ions  that  are  picked  up  and  mixed.  The  dynamics  here  is  extremely 
complicated  but  suffice  it  to  say  that  it  provides  the  mechanism  for  the 
Rayleigh-Taylor  instability  described  by  Brecht  and  Papadopoulos.  This 
instability  occurs  with  very  definite  upper  and  lower  limits  on 

participating  wavelengths.  These  limits  depend  on  local  plasma  parameters 
such  as  temperature,  density,  magnetic  field,  and  gradient  scale  lengths. 
Once  the  instability  is  operative  it  can  reach  the  nonlinear  regime  where 
the  pertubations  to  the  expanding  shell  can  actually  detach  themselves  from 
the  shell  and  E  x  B  drift  across  the  magnetic  fiel4  lines.  This  kind  of 
jetting  was  observed  in  Starfish  and  has  certain  characteristics  that  allow 
comparison  between  data  and  this  theory  (Brecht  et  al.,  1981).  The  result 
of  all  this  is  that  not  only  is  the  expanding  shell  expected  to  be 
structured,  but  one  could  also  reasonably  expect  discrete  blobs  of  plasma 
to  break  off. 
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The  data  displayed  here  is  the  result  of  merging  the  Rayleigh-Taylor 
calculations  with  a  code  which  models  the  temporal  evolution  of  the  basic 

plasma  parameters  in  the  coupling  shell.  This  code  is  called  SCORPIO  and 

is  basically  described  in  a  report  by  Clark  and  Papadopoulos  (1976).  It  is 
not  a  hydrocode,  but  a  code  developed  to  model  the  evolution  of  the 

coupling  shell  in  terms  of  thickness,  temperature,  plasma  density,  and 
field  aligned  acceleration.  It  maintains  an  energy  budget  and  depletes  the 
coupling  shell  of  material  and  energy  in  a  time  dependent  fashion 
consistent  with  our  best  knowledge  of  the  microphysics  active  in  this 
region.  For  general  hydro  it  relies  on  a  snowplow  model.  Therefore  the 
global  features  such  as  radius  are  not  as  accurate  as  the  high  resolution 
codes  from  which  it  is  derived. 

The  result  of  uniting  the  Rayleigh-Taylor  theory  with  the  SCORPIO  code 
are  shown  in  the  accompanying  figures.  Figure  1  shows  the  maximum  and 

minimum  wavelength  for  the  instability  as  a  function  of  time  for  several 
angles  relative  to  the  ambient  field  direction.  The  data  here  is  displayed 
as  a  function  of  angle  where  zero  is  along  the  field  line  in  a  downward 
direction.  One  finds  that  the  instability  for  a  standard  Spartan  begins  to 
grow  one  second  after  the  detonation.  Note  that  the  squares  represent  the 
maximum  wavelengths  and  the  triangles  the  minimum.  The  wavelengths  range 
from  about  1  km  to  20  km  for  the  various  angles.  The  size  of  the  actual 
striation  will  of  course  be  1/2  the  wavelength.  Therefore  this  Instability 
induces  structures  ranging  in  size  from  -  0.5  km  to  ~  10  km  at  times  of  5 
sec  or  less.  Figure  2  shows  the  growth  rates  associated  with  the 
instability  at  the  maximum  and  minimum  wavelengths.  The  convention  for  the 
boxes  and  triangles  carries  over  to  these  plots.  The  boxes  represent  the 
growth  rate  for  the  maximum  wavelength  and  so  forth.  One  notes  here  that 


Che  maximum  wavelengths  have  Che  highest  growth  rates.  It  is  expected  that 
the  long  wavelength  modes  would  go  unstable  first  and,  having  reached 
saturation,  the  shorter  wavelength  modes  would  develop. 

Figure  3  shows  ion  density  in  the  coupling  shell  as  a  function  of 
time.  It  is  expected  that  the  ion  density  in  the  coupling  shell  will  be 
representative  of  the  density  in  the  structures  at  the  time  of  instability 
onset.  The  line  denoted  by  the  squares  represents  the  total  ion  density  in 
the  shell  including  both  debris  and  picked  up  air.  The  calculation 
continuously  accounts  for  the  loss  of  ions  down  the  field  lines  due  both  to 
thermal  effects  and  to  field  aligned  acceleration.  The  second  line 
(triangles)  is  our  best  estimate  of  debris  density.  It  has  been  assumed 
that  the  nominal  mass  of  the  ion  is  27.  It  is  this  second  line  that  we 

feel  provides  cause  for  concern.  At  times  of  2  seconds  one  finds  debris 

density  of  10^  cm-^  or  so.  We  have  not  done  the  chemistry  here,  but 

oxidation  processes  occurring  on  the  time  scales  of  interest  (100  sec), 
would  provide  large  amounts  of  radiation  in  the  LWIR.  Figure  A  shows  the 
ion  temperature  as  a  function  of  time  and  angle.  One  notes  that  in  the 
direction  upward  the  temperature  remains  high.  The  ions  will,  in  fact 
continue  to  cool  at  later  times,  but  by  this  time  pieces  of  Che  plasma  may 
be  well  removed  from  the  original  disturbed  region. 

Figure  5  gives  the  radius  of  burst  as  a  function  of  time  and  angle  as 
computed  by  the  code.  It  is  here  to  provide  general  information  regarding 
the  calculation. 

These  then  are  the  data  resulting  from  merging  the  analytic  treatment 
of  the  Rayleigh-Taylor  instability  with  the  large  scale  numerical 

results.  The  data  has  been  limited  to  times  of  5  secs  and  earlier  and 
angles  of  72°  or  higher.  The  latter  limitation  is  due  to  Che  increasing 


classical  collisionalicy  in  Che  downward  direcCion  for  bursts  of  this 
altitude.  For  very  high  altitude  bursts  these  restrictions  on  the  output 
can  be  relaxed.  As  mentioned  earlier  the  theory  did  not  Include  classical 
collisions  and  therefore  any  numbers,  no  matter  how  reasonable,  are  suspect 
in  regions  where  classical  collisions  are  dominant. 

The  results  of  this  work  indicate  several  features  that  must  be 
considered  in  assessing  the  LWIR  problem.  First,  there  will  be  structuring 
and  transport  of  ionic  material  across  magnetic  field  lines.  Second,  the 
material  will  consist  of  metallic  debris  in  significant  concentration,  as 
well  as  oxygen  that  is  picked  up  by  the  expanding  debris.  If  the  Starfish 
data  is  any  indication  some  of  this  material  will  be  found  at  large 
distances  from  the  burst  point.  Finally,  the  size  of  the  structured 
material  will  range  from  0.5  km  to  ~  10  km.  The  instability  favors  longer 
wavelengths,  but  the  shorter  ones  can  grow  on  the  large  scale 
perturbations.  The  initial  structure  is  expected  to  form  in  less  than  5 
sec  after  detonation  and  remain  for  hundreds  of  seconds. 
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Fig.  2  -  Growth  rates  for  the  maximum  and  minimum  wavelength. 
The  squares  refer  to  the  maximum  wavelength  and  the  triangles 
refer  to  the  minimum  wavelength. 
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Fig.  3  -  Ion  density  as  a  function  of  time  for  various  angles. 
Squares  represent  total  ion  density.  The  triangles  represent 
debris  ion  density,  assumed  mass  27. 
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Fig.  5  -  Radius  of  coupling  shell  for  relevant  angles  and  tiroes 
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NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20360 

OICY  ATTN  NAVALEX  034  T.  HUGHES 
OICY  ATTN  PME  117 
OICY  ATTN  PME  117-T 
OICY  ATTN  CODE  5011 
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COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
4301  SUITLAND  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20390 

01CY  ATTN  MR.  DUBBIN  STIC  12 

01CY  ATTN  NISC-50 

01CY  ATTN  CODE  5404  J.  GALET 

COMMANDER 

NAVAL  OCCEAN  SYSTEMS  CENTER 
SAN  DIEGO,  CA  92152 

03CY  ATTN  CODE  532  W.  MOLER 
01CY  ATTN  CODE  0230  C.  BAGGETT 
01CY  ATTN  CODE  81  R.  EASTMAN 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 


01CY 

ATTN  CODE 

4700 

S.  L.  OSSAKOW 

26  CYS  IF 

UNCLASS.  1  CY  IF  CLASS) 

01CY 

ATTN  CODE 

4701 

JACK  D.  BROWN 

01CY 

ATTN  CODE 

4780 

BRANCH  HEAD  (150 

CYS  IF  UNCLASS, 

1  CY  IF  CLASS) 

01CY 

ATTN  CODE 

7500 

01CY 

ATTN  CODE 

7550 

01CY 

ATTN  CODE 

7580 

01CY 

ATTN  CODE 

7551 

01CY 

ATTN  CODE 

7555 

01CY 

ATTN  CODE 

4730 

E.  MCLEAN 

01CY 

ATTN  CODE 

4187 

COMMANDER 

NAVAL  SEA  SYSTEMS 

COMMAND 

WASHINGTON,  D.C. 

20362 

01CY 

ATTN  CAPT 

R.  PITKIN 

COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLGREN,  VA  22448 

01CY  ATTN  CAPT  J.H.  BURTON 

OFFICER-IN-CHARGE 
NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  MD  20910 
01CY  ATTN  CODE  F31 

DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
01CY  ATTN  NSP-2141 
01CY  ATTN  NSSP-2722  FRED  WIMBERLY 


COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLGREN  LABORATORY 
DAHLGREN,  VA  22448 

01CY  ATTN  CODE  DF-14  R.  BUTLER 


OFFICER  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 
01CY  ATTN  CODE  465 
ATTN  CODE  461 
ATTN  CODE  402 
ATTN  CODE  420 
ATTN  CODE  421 


01CY 

01CY 

01CY 

01CY 


COMMANDER 

AEROSPACE  DEFENSE  COMMAND/ DC 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

01CY  ATTN  DC  MR.  LONG 


COMMANDER 

AEROSPACE  DEFENSE  COMMAND/ XPD 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 
01CY  ATTN  XPDQQ 
01CY  ATTN  XP 


AIR  FORCE  GEOPHYSICS  LABORATORY 


HANSCOM  AFB,  MA  01731 


01CY  ATTN  OPR  HAROLD  GARDNER 


01CY 

01CY 

01CY 

01CY 

01CY 


ATTN  LKB 
ATTN  OPR 
ATTN  PHP 
ATTN  PHD 
ATTN  PHD 


KENNETH  S.W.  CHAMPION 
ALVA  T.  STAIR 
JULES  AARONS 
JURGEN  BUCHAU 
JOHN  P.  MULLEN 


AF  WEAPONS  LABORATORY 
KIRTLAND  AFT,  NM  87117 
01CY  ATTN  SUL 

01CY  ATTN  CA  ARTHUR  H.  GUENTHER 
01CY  ATTN  NTYCE  1LT.  G.  KRAJEI 


AFTAC 

PATRICK  AFB,  FL  32925 
01CY  ATTN  TF/MAJ  WILEY 
01CY  ATTN  TN 


AIR  FORCE  AVIONICS  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433 
01CY  ATTN  AAD  WADE  HUNT 

ATTN  AAD  ALLEN  JOHNSON 


01CY 


J 


4 
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DEPUTY  CHIEF  OF  STAFF 
RESEARCH,  DEVELOPMENT,  &  ACQ 
DEPARTMENT  OF  THE  AIR  FORCE 
WASHINGTON,  D.C.  20330 
01CY  ATTN  AFRDQ 

KEADQUATERS 

ELECTRONIC  SYSTEMS  DIVISION/XR 
DEPARTMENT  OF  THE  AIR  FORCE 
KAN5COM  AFB,  MA  01731 
OICY  ATTN  XR  J.  DEA5 

HEADQUATERS 

ELECTRONIC  SY5TEM5  DIVIS  ION/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01732 
OICY  ATTN  YSEA 

HEADQUATERS 

ELECTRONIC  SYSTEIS  DIVE  ION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

01CY  ATTN  DCHC  MAJ  J.C.  CLARK 

COMMANDER 

FOREIGN  TECHNOLOGY  DIVE  ION,  AFSC 
WRIGHT-P ATTE RS 0 N  AFB,  OH  45433 
01CY  ATTN  NICD  LIBRARY 

01CY  ATTN  ETDP  B.  BALLARD 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFF ES  AFB,  NY  13441 

01CY  ATTN  DOC  LIBRARY/ELD 
01CY  ATTN  OCSE  V.  COYNE 

S  A260/SZ 

POST  OFFICE  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSTEJS) 

01CY  ATTN  SZJ 

STRATEGIC  AIR  COMMA ND/XPFS 
OFFUTT  AFB,  NB  68113 

01CY  ATTN  XPFS  MAJ  B.  STEPHAN 
01CY  ATTN  ADWATE  MAJ  BRUCE  BAUER 
01CY  ATTN  NRT 

01CY  ATTN  DOK  CHIEF  SCIENTET 

sa;bo/sk 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

01CY  ATTN  SKA  (SPACE  COMM  SYSTEMS) 
M.  CLAVIN 


S  AMSO/MN 

NORTON  AFB,  CA  92409 
(MINUTE  MAN) 

01CY  ATTN  MNNL  LTC  KENNEDY 
COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
RANSCOM  AFB,  MA  01731 

01CY  ATTN  EEP  A.  LORENTZEN 

DEPARTMENT  OP  ENERGY 
LIBRARY  BOOM  0-042 
WASHINGTON,  D.C.  20545 

01CY  ATTN  DOC  CON  FOR  A.  LABOWITZ 

DEPARTMENT  OF  ENERCY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.O.  BOX  5400 
ALBUQUERQUE,  NM  87115 

01CY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

EG&G,  DC. 

LOS  ALAMOS  DIVISION 

P.O.  BOX  809 

LOS  ALAMOS,  N11  85544 

01CY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.O.  BOX  808 
LIVERMORE,  CA  94550 

OICY  ATTN  DOC  CON  FOR  TECH  INFO  DEPT 

OICY  ATTN  DOC  CON  FOR  L-389  R.  OTT 

OICY  ATTN  DOC  CON  FOR  L-31  R.  HAGER 

OICY  ATTN  DOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  NATIONAL  LABORATORY 

P.O.  BOX  1663 

LOS  ALAMOS,  NM  87545 

OICY  ATTN  DOC  CON  FOR  J.  WOLCOTT 

OICY  ATTN  DOC  CON  FOR  R.F.  TASCHEK 

OICY  ATTN  DOC  CON  FOR  E.  JONES 

OICY  ATTN  DOC  CON  FOR  J.  MALIK 

OICY  ATTN  DOC  CON  FOR  R.  JEFFRIES 

OICY  ATTN  DOC  CON  FOR  J.  ZINN 

OICY  ATTN  DOC  CON  FOR  P.  KEATON 

OICY  ATTN  DOC  CON  FOR  D.  WESTERVELT 

SANDIA  LABORATORIES 
P.O.  BOX  5800 
ALBUQUERQUE,  NM  87115 

OICY  ATTN  DOC  CON  FOR  W.  BROWN 

OICY  ATTN  DOC  CON  FOR  A.  THORNBRQUCH 

OICY  ATTN  DOC  CON  FOR  T.  WRIGHT 

OICY  ATTN  DOC  CON  FOR  D.  DAHLGREN 

OICY  ATTN  DOC  CON  FOR  3141 

OICY  ATTN  DOC  CON  FOR  SPACE  PROJECT  DIV 
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SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
P.O.  BOX  969 
LIVERMORE,  CA  94550 

01CY  ATTN  DOC  CON  FOR  B.  MURPHEY 
01CY  ATTN  DOC  CON  FOR  T.  COOK 

OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  ENERGY 
WASHINGTON,  D.C.  20545 

01CY  ATTN  DOC  CON  DR.  YO  SONG 

OTHER  GOVERNMENT 

CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  RM  5G48,  HO  BLDG 
WASHINGTON,  D.C.  20505 

OICY  ATTN  OSI/PSID  RM  5F  19 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

(ALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
OICY  ATTN  R.  MOORE 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  &  INFO  ADMIN 
BOULDER,  CO  80303 

OICY  ATTN  A.  JEAN  (UNCLASS  ONLY) 

OICY  ATTN  W.  IJTLAUT 
OICY  ATTN  D.  CROMBIE 
OICY  ATTN  L.  BERRY 

NATIONAL  OCEANIC  &  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 
OICY  ATTN  R.  GRUBB 
OICY  ATTN  AERONOMY  LAB  G.  REID 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 
®.0.  BOX  92957 
LOS  ANGELES,  CA  90009 
OICY  ATTN  I.  GARFTJNREL 
OICY  ATTN  T.  SALMI 
OICY  ATTN  V.  JOSEPHSON 
OICY  ATTN  S.  BOWER 
OICY  ATTN  N.  STOCKWELL 
OICY  ATTN  D.  OLSEN 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01803 

OICY  ATTN  RADIO  SCIENCES 


BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.O.  BOX  983 
BERKELEY,  CA  94701 
OICY  ATTN  J.  WORKMAN 
OICY  ATTN  C.  PRETTIE 

BOEING  COMPANY,  THE 
P.O.  BOX  3707 
SEATTLE,  WA  98124 
OICY  ATTN  G.  KEISTER 
OICY  ATTN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KENNEY 

BROWN  ENGINEERING  COMPANY,  INC. 
CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ROMEO  A.  DELIBERIS 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 

P.O.  BOX  6049 

SAN  DIEGO,  CA  92106 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SOUARE 
CAMBRIDGE,  MA  02139 
OICY  ATTN  D.B.  COX 
OICY  ATTN  J.P.  GILMORE 

COMSAT  LABORATORIES 
LINTHICUM  ROAD 
CLARKSBURG,  MD  20734 
OICY  ATTN  G.  HYDE 

CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 

ITHACA,  NY  14850 

OICY  ATTN  D.T.  FARLEY,  JR. 

ELECTROSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 
OICY  ATTN  H.  LOGSTON 
OICY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL,  INC. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 
OICY  ATTN  J.  ROBERTS 
OICY  ATTN  JAMES  MARSHALL 


17 


GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 

01CY  ATTN  M.H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.O.  BOX  1122 
SYRACUSE,  NY  13201 
01CY  ATTN  F.  REIBERT 

GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 
HMES 

COURT  STREET 
SYRACUSE,  NY  13201 
01CY  ATTN  G.  MILLMAN 

GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  DIVISION 
P.O.  BOX  6770 
SANTA  BARBARA,  CA  93111 
OICY  ATTN  JOHN  ISE,  JR. 

01CY  ATTN  JOEL  GARBARINO 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICER) 
OICY  ATTN  T.N.  DAVIS  (UNCLASS  ONLY) 
OICY  ATTN  TECHNICAL  LIBRARY 
OICY  ATTN  NEAL  BROWN  (UNCLASS  ONLY) 

GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  DIV 
77  A  STREET 
NEEDHAM,  MA  02194 

OICY  ATTN  MARSHALL  CROSS 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

OICY  ATTN  DONALD  HANSEN 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
150  DAVENPORT  HOUSE 
CHAMPAIGN,  IL  61820 

(ALL  CORRES  ATTN  DAN  MCCLELLAND) 

OICY  ATTN  K.  YEH 


INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 
OICY  ATTN  J.M.  AEIN 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  PANS  WOLFARD 
OICY  ATTN  JOEL  BENGSTON 

INTL  TEL  &  TELEGRAPH  CORPORATION 
5 00  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

OICY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

11011  TORREYANA  ROAD 
P.O.  BOX  85154 

SAN  DIEGO,  CA  92138  v 

OICY  ATTN  J.L.  SPERLING 

JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LATTRAL,  MD  20810 

OICY  ATTN  DOCUMENT  LIBRARIAN 
OICY  ATTN  THOMAS  POTEMRA 
OICY  ATTN  JOHN  DASSOtJLAS 

KAMAN  SCIENCES  CORP 
P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
OICY  ATTN  T.  MEAGHER 

KAMAN  TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O  DRAWER  00) 

SANTA  BARBARA,  CA  93102 
OICY  ATTN  DASIAC 
OICY  ATTN  TIM  STEPHANS 
OICY  ATTN  WARRF.N  S.  KNAPP 
OICY  ATTN  WILLIAM  MCNAMARA 
OICY  ATTN  B.  GAMBILL 

LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 
OICY  ATTN  IRWIN  JACOBS 

LOCKHEED  MISSILES  &  SPACE  CO.,  INC 
P.O.  BOX  504 
SUNNYVALE,  CA  94088 
OICY  ATTN  DEPT  60-12 
OICY  ATTN  D.R.  CHURCHILL 
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LOCKHEED  MISSILES  &  SPACE  CO.,  INC. 

3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

01CY  ATTN  MARTIN  WALT  DEPT  52-12 
01CY  ATTN  W.L.  IMHOF  DEPT  52-12 
01CY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
01CY  ATTN  J.B.  CLADIS  DEPT  52-12 

LOCKHEED  MISSILE  &  SPACE  CO.,  INC. 
HUNTSVILLE  RESEARCH  &  ENGR.  CTR. 

4800  BRADFORD  DRIVE 
HUNTSVILLE,  AL  35807 
ATTN  DALE  H.  DIVIS 

MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.O.  BOX  5837 
ORLANDO,  FL  32805 
01CY  ATTN  R.  HEFFNER 

M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  02173 

01CY  ATTN  DAVID  M.  TOWLE 
01CY  ATTN  P.  WALDRON 
01CY  ATTN  L.  LOUGHLIN 
01CY  ATTN  D.  CLARK 

MCDONNEL  DOUGLAS  CORPORATION 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
01CY  ATTN  N.  HARRIS 
01CY  ATTN  J.  MOULE 
01CY  ATTN  GEORGE  MPOZ 
01CY  ATTN  W.  OLSON 
01CY  ATTN  R.W.  RALPRIN 
01CY  ATTN  TECHNICAL  LIBRARY  SERVICES 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
01CY  ATTN  W.F.  CREVIER 
01CY  ATTN  STEVEN  L.  GUTSCHE 
01CY  ATTN  0.  SAPPENFIELD 
01CY  ATTN  R.  BOGUSCH 
0  ICY  ATTN  R.  HENDRICK 
01CY  ATTN  RALPH  KILB 
01CY  ATTN  DAVE  SOWLE 
OICY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCHEIBE 
OICY  ATTN  CONRAD  L.  LONGMIRE 
OICY  ATTN  WARREN  A.  SCHLUETER 


MITRE  CORPORATION,  THE 
P.O.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  JOHN  MORGANSTERN 
OICY  ATTN  G.  HARDING 
OICY  ATTN  C.E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD 
MCLEAN,  VA  22101 
OICY  ATTN  W.  HALL 
OICY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERFIELD  BLVD. 

SANTA  MONICA,  CA  90404 
OICY  ATTN  E.C.  FIELD,  JR. 

PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 
(NO  CLASS  TO  THIS  ADDRESS) 

OICY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

442  MARRETT  ROAD 
LEXINGTON,  MA  02173 

OICY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

OICY  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  10367 
OAKLAND,  CA  94610 
ATTN  A.  THOMSON 

R  &  D  ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
OICY  ATTN  FORREST  GILMORE 
OICY  ATTN  BRYAN  GABBARD 
OICY  ATTN  WILLIAM  B.  WRIGHT,  JR. 
OICY  ATTN  ROBERT  F.  LELEVIER 
OICY  ATTN  WILLIAM  J.  KARZAS 
OICY  ATTN  H.  ORY 
OICY  ATTN  C.  MACDONALD 
OICY  ATTN  R.  TURCO 
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RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
01CY  ATTN  CULLEN  CRAIN 
OICY  ATTN  ED  BEDROZIAN 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

01CY  ATTN  BARBARA  ADAMS 

RIVERSIDE  RESEAR CM  INSTITUTE 
80  WEST  END  AVENUE 
NEW  YORE,  NY  10023 

01CY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATIONS,  INC. 

P.O.  BOT  2351 
LA  JOLLA,  CA  <>2038 

01CY  ATTN  LEWIS  M.  LINSON 
01CY  ATTN  DANIEL  A.  HAMLIN 
01CY  ATTN  E.  ERIEMAN 
01CY  ATTN  E.A.  STRAKER 
01CY  ATTN  CURTIS  A.  SMITH 
0  ICY  ATTN  JACK  MCDOUCALL 

SCIENCE  APPLICATIONS,  INC 
1710  GOODRIDGE  DR. 

MCLEAN,  VA  22102 
ATTN:  J.  COCKAYNE 

SRI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 

01CY  ATTN  DONALD  NEILSON 
01CY  ATTN  ALAN  BURNS 
01CY  ATTN  0.  SMITH 
01CY  ATTN  L.L.  COBB 
01CY  ATTN  DAVID  A.  JOHNSON 
01CY  ATTN  WALTER  G.  CHESNUT 
010Y  ATT!  CHARLES  L.  RINO 
01CY  ATTN  WALTER  JAYE 
0  ICY  ATTN  M.  BARON 
01CY  ATTN  RAY  L.  LEADABRAND 
01CY  ATTN  0.  CARPENTER 
01CY  ATTN  G.  PRICE 
01CY  ATTN  J.  PETERSON 
01CY  ATTN  R.  HAJCE,  JR. 

01CY  ATTN  V.  GONZALES 
01CY  ATTN  D.  MCDANIEL 

STEWART  RADIANCE  LABORATORY 
UTAH  STATE  UNIVERSITY 
1  DE  ANGELO  DRIVE 
BEDFORD,  MA  01730 
OICY  ATTN  J.  ULWICK 


TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOOUIST 

TRW  DEFENSE  &  SPACE  SYS  GROUP 
ONE  SPACE  PARK 
REDONDO  BEACH,  CA  90278 
OICY  ATTN  R.  K.  PLEBUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 

VISIDYNE 

SOUTH  BEDFORD  STREET 
BURLINGTON,  MASS  01803 
OICY  ATTN  W.  REIDY 
OICY  ATTN  J.  CARPENTER 
OICY  ATTN  C.  HUMPHREY 
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